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(54) FRICTION STIR FORMING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a friction stir forming method 
which can form a material in a short time without melting it and without 
needing a skill. 

SOLUTION: The friction stir forming method includes abutting a 
stirring means 2 for generating friction heat on a first object 6 and 
penetrating it into the first object, in a state that the first object and a 
second object 5 are contacted with each other, to generate friction 
heat between the first object and the stirring means, and causing a 
plastic flow of a non-melting state in the material composing the first 
object by stirring in a heated state; and transcripting a unevenness 
formed on the second object onto it by taking advantage of the plastic 
flow state. Thereby, the method makes it possible to form a metal 
material easily in a short time without melting it and without needing a 
skill, though conventionally only a method of melting the first object 

and pouring it into the second object, or a method of shaving by machining has been able to be employed. 
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* NOTICES * 
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damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 


[Claim(s)] 

[Claim 1] A frictional heat generating stirring means is made to contact said 1st body, where the 1st body and 2nd body 
are contacted mutually. Produce relative displacement between this frictional heat generating stirring means and the 1st 
body, and said frictional heat generating stirring means is made to advance into said 1st body. Generate frictional heat 
between this 1st body and a frictional heat generating stirring means, and plastic flow is produced in the state of 
unmelting by stirring the ingredient which constitutes this 1st body in the state of heating. The friction stirring molding 
approach which constituted it from the condition as imprinted the concave convex voice formed in said 2nd body by 
this plastic flow. 

[Claim 2] A frictional heat generating stirring means is made to contact said 1st body, where the 1st body and 2nd body 

are contacted mutually. Produce relative displacement between this frictional heat generating stirring means and the 1st 

body, and said frictional heat generating stirring means is made to advance into said 1st body. Generate frictional heat 

between this 1st body and a frictional heat generating stirring means, and plastic flow is produced in the state of 

unmelting by stirring the ingredient which constitutes this 1st body in the state of heating. The friction stirring molding 

approach which constituted said 1st and 2nd bodies using this plastic flow as joined mechanically. 

[Claim 3] It is the friction stirring molding approach according to claim 1 or 2 which said frictional heat generating 

stirring means is the rotation tool formed free [ the rotation drive in which the work-piece contact surface was formed 

at the tip ], and produces frictional heat between said work-piece contact surface and the 1st body. 

[Claim 4] The concave convex voice of said 2nd body is the friction stirring molding approach according to claim 1 

which is the die formed in this 2nd body. 

[Claim 5] Said the 1st body and said 2nd body are the friction stirring molding approach according to claim 2 that the 
ingredient which constitutes these bodies is different. 

[Claim 6] It is the friction stirring molding approach according to claim 5 which is an ingredient with the ingredient of 
said 2nd body the ingredient of said 1st body is an ingredient made from aluminum, and made [ with an ingredient ] 
from iron. 

[Claim 7] The friction stirring molding approach according to claim 2 which irregularity is formed in said 2nd body 
and the ingredient which constitutes said 1st body in this irregularity was made to flow into it, and constituted said 1st 
and 2nd bodies as joined mechanically. 


[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the friction stirring molding approach which can be fabricated without 
carrying out melting of the metallic material using the frictional heat which adjusts two bodies each other and is 
produced. 
[0002] 

[Description of the Prior Art] In order to have imprinted the shape of toothing of arbitration to the metal 
conventionally, the metal mold corresponding to the shape of toothing concerned was formed and cast, or the approach 
only had beginning to delete by machining. 
[0003] 

[Problem(s) to be Solved by the Invention] In casting, by carrying out melting of about [ needing a large-scale facility 
from it being necessary to carry out melting of the metallic material ] and the metal, there having been a fault from 
which the mechanical property changes, and machining having un-arranged [ which the processing takes much time 
amount and skill ]. 

[0004] This invention aims at offering the friction stirring molding approach which can be cast without [ without it 
carries out melting of the ingredient in view of the above-mentioned situation, and ] requiring skill for a short time. 
[Means for Solving the Problem] Invention of claim 1 is in the condition of having contacted the 1st body (6) and 2nd 
body (5) mutually. Make a frictional heat generating stirring means (2) contact said 1st body, and relative displacement 
is produced between this frictional heat generating stirring means and the 1st body. Make said frictional heat generating 
stirring means advance into said 1st body, and frictional heat is generated between this 1st body and a frictional heat 
generating stirring means. By stirring the ingredient which constitutes this 1st body in the state of heating, plastic flow 
is produced in the state of unmelting, and as the concave convex voice formed in said 2nd body is imprinted by this 
plastic flow, it consists of the condition. 

[0005] Invention of claim 2 is in the condition of having contacted the 1st body (6) and 2nd body (7) mutually. Make a 
frictional heat generating stirring means (2) contact said 1st body, and relative displacement is produced between this 
frictional heat generating stirring means and the 1st body. Make said frictional heat generating stirring means advance 
into said 1st body, and frictional heat is generated between this 1st body and a frictional heat generating stirring means. 
By stirring the ingredient which constitutes this 1st body in the state of heating, plastic flow is produced in the state of 
unmelting, and using this plastic flow, as said 1st and 2nd bodies are joined mechanically, it is constituted. 
[0006] Invention of claim 3 is the rotation tool (2) by which said frictional heat generating stirring means was 
established in the friction stirring molding approach according to claim 1 or 2 free [ the rotation drive in which the 
work-piece contact surface was formed at the tip ], and frictional heat is constituted so that it may be generated between 
said work-piece contact surface and the 1st body. 

[0007] It is constituted so that invention of claim 4 may be the die (5a) with which the concave convex voice of said 
2nd body was formed in this 2nd body. 

[0008] In the friction stirring molding approach according to claim 2, invention of claim 5 is constituted so that the 
ingredient with which said the 1st body and said 2nd body constitute these bodies may be different. 
[0009] The ingredient of said 1st body is an ingredient with invention of claim 6 made [ with an ingredient ] from 
aluminum in the friction stirring molding approach according to claim 5, and the ingredient of said 2nd body consists 
of ingredients made from iron. 

[0010] In the friction stirring molding approach according to claim 2, irregularity (7a) is formed in said 2nd body, and 
invention of claim 7 makes the ingredient which constitutes said 1st body (6) in this irregularity flow into it, and as it 
joins said 1st and 2nd bodies mechanically, it is constituted. 

[Effect of the Invention] According to claim 1, by carrying out heating stirring of the ingredient which constitutes the 


lst body (6) with a frictional heat generating stirring means in the state of unmelting, plastic flow is produced and the 
cohcave convex voice formed in the 1st body (6) at the 2nd body (5) can be imprinted using this plastic flow. Thereby, 
what was not able to be made to have been able to dissolve the 1st body, and was not able to slush on the 2nd body, or 
was able to use only the approach of the shaving broth by machining becomes possible [ casting without / without it 
carries out melting of the metallic material, and / requiring skill for a short time ] simply conventionally. 
[001 1] According to invention of claim 2, by carrying out heating stirring of the ingredient which constitutes the 1st 
body (6) with a frictional heat generating stirring means in the state of unmelting, plastic flow is produced and it 
becomes possible to join the 1st body (6) and 2nd body (5) mechanically. Thereby, junction between dissimilar 
materials, such as a metal, ceramics, and aluminum, iron of which junction was made impossible, can be performed 
easily conventionally. 

[0012] According to invention of claim 3, by using a rotation tool (2), a junction activity can be done using machine 
tools which have generally spread, such as a milling machine and a machining center, and it is convenient. 
[0013] According to invention of claim 4, the configuration of a die (5a) can be imprinted to a precision, and it is 
convenient to components manufacture of a micro machine etc. 

[0014] According to invention of claim 5, mechanical junction between dissimilar materials can be performed easily. 
[0015] According to invention of claim 6, mechanical junction of aluminum and iron can be performed easily. 
[0016] According to invention of claim 7, mechanical junction in the form where irregularity (7a) was used can be 
performed easily. 

[0017] In addition, the number in a parenthesis etc. does not show the corresponding element in a drawing, and limited 

constraint of this description is not carried out [ expedient / therefore ] at the publication on a drawing. 

[0018] 

[Embodiment of the Invention] Drawing and drawing 2 which, as for drawing 1 , show an example of the shaping 
equipment with which this invention is applied Drawing in which drawing showing change of the die temperature 
under molding and drawing 3 show the relation between the depth of V groove metal mold and a filling factor, and 
drawing 4 the front face of metal mold — the front face of a test specimen before and after using the friction stirring 
molding approach for drawing and drawing 5 which show description — drawing and drawing 6 which show 
description Drawing and drawing 8 which show the shape of front planarity of another test specimen before and after 
using the friction stirring molding approach for drawing and drawing 7 which show the shape of front planarity of 
metal mold The mimetic diagram in which drawing showing the dimension of a plate with a slot and drawing 9 show a 
hauling shear test and a friction test mode, and drawing 10 In a hauling shear test and a friction test, drawing showing 
the effect drawing and drawing 1 1 which show the relation of maximum load and the distance from the center of a slot 
pull with the number of slots, and affect the maximum load of a shear test, and drawing 12 are the perspective views 
showing an example of the clad plate formed with the application of this invention. 

[0019] As shown in drawing 1 , the machine tool 1 as friction stirring shaping equipment which performs the friction 
stirring molding approach has the table 3, and is being fixed on the table 3 through fixed means, such as a bolt nut 
which metal mold 5 does not illustrate. Die 5a is formed in the top face of metal mold 5, and when the ingredient of the 
work piece later mentioned along with the mold 5a concerned carries out plastic flow of this die 5a, the configuration 
where the work-piece side was met at the mold 5a concerned is imprinted. 

[0020] into the part in which die 5a on metal mold 5 was formed, similarly, the work piece 6 which should be cast is 
[ nut / bolt ] proper so that it may not be displaced relatively to metal mold 5 - means ****** immobilization is carried 
out and the tool 2 in which a rotation drive is free is further formed in the method of drawing Nakagami of a work piece 
6. the arrow head A which is drawing Nakagami down by the delivery device in which a tool 2 is not illustrated, and 
the direction of B - and — this - it is prepared in A and the direction of B free [ a relative-displacement drive ] to the 
table 3 in a right-angled horizontal arrow head C and the right-angled horizontal direction of D, and the tool 2 has 
cylinder-like body 2a. 

[0021] Work-piece contact surface 2b formed in convex a little caudad is formed in the direction of a right angle to the 
direction of tool axial center CL, and it is formed in the convex center section of work-piece contact surface 2b at the 
drawing Nakashita section of body 2a in the form which is a form whose core of the probe 2c made correspond with the 
tool axial center CL, and projects in the method of drawing Nakashita. 

[0022] Since a machine tool 1 etc. has the above configurations, it is explained in full detail below about friction 
stirring molding performed using the machine tool 1. 

[0023] While rotating a tool 2 focusing on an axial center CL at a predetermined rotational frequency on the occasion 
of processing, it is made to move in the drawing 1 lower part of arrow-head B, i.e., the direction, and probe 2c at the tip 
of a tool is made to contact the top face of a work piece 6 with predetermined contact pressure. A work piece 6 is 
heated with frictional heat, when a tool 2 contacts in the state of rotation, and it is softened, and probe 2c advances into 
a work piece 6. Furthermore, by pressing a tool 2 in the direction of arrow-head B, a tool 2 contacts with work-piece 


contact surface 2b and contact pressure predetermined in the top face of a work piece 6, and the top face of a work 
piece 6 is further heated according to the frictional force produced between work-piece contact surface 2bs in a rotation 
condition. The work piece 6 in the condition of having been heated is stirred by work-piece contact surface 2b of a tool 
2 and probe 2c in a rotation condition, and presents locally the shape of plastic flow kinesis in an unmelting condition. 
As compared with the plastic flow in the usual plastic working, that flow resistance of this plastic flow condition is 
very low, and it will be in the condition of having been similar to the so-called super-elasticity condition. 
[0024] The ingredient which constitutes the work piece 6 of tool 2 lower part with which flow resistance fell extremely 
by hanging delivery in the direction of arrow-head C with a predetermined feed rate, rotating a tool 2 from this 
condition is stirred by the tool 2, it flows in die 5a formed in metal mold 5, and projection 6c corresponding to die 5a is 
fabricated by inferior-surface-of-tongue 6b of a work piece 6. Under the present circumstances, since the fluidity is 
high extremely, even if the ingredient which constitutes a work piece 6 does not make a high pressure act like the usual 
forging from a tool 2 side, it can flow in die 5a by the force of few directions of arrow-head B, and can imprint the die 
5a concerned very elaborately. 

[0025] Thus, rotating a tool 2, by hanging delivery in the direction of arrow-head C with a predetermined feed rate, 
heating stirring of the work piece 6 is carried out continuously, the ingredient which constitutes a work piece 6 in each 
die 5a of metal mold 5 flows, and shaping actuation is performed continuously. 

[0026] The ingredient which carries out a work-piece 6 WO configuration is made to produce a flow similar to a super- 
elasticity flow in the state of unmelting of an ingredient based on heating by the frictional heat between this tool 2 and 
work piece 6, and generation becomes applicable to micro processing made difficult until now by making it flow under 
the low working pressure force in die 5a. An artificer proposes this as "Friction Stir Forming (Following FSF and 
abbreviation)." 

[0027] That is, the FSF equipment made as an experiment using the machine tool 1 investigated experimentally the 
effect of the ****** quality of the material, a metal mold configuration, processing conditions, etc. to the detailed 
moldability of various aluminium alloys. 

[0028] The FSF equipment made as an experiment is shown in drawing 1 . The body of equipment consists of jigs 
which fix metal mold 5, a test specimen (work piece 6), and these using the ** type milling machine. SUS304 was used 
for the charge of metal mold material, and a mirror plane, a machining side, a semi-sphere slot, V mold groove, 
Vickers, and a micro Vickers indentation were processed on the front face. Moreover, in order to guess the temperature 
at the time of FSF, K thermocouple with a diameter of 0.2mm was embedded from the metal mold front face in the 
location under 1 .0mm. The tool of TYPE C (it is a temper to a shoulder side about +5 degrees, 20mm of diameters of a 
shoulder, and the quality of the material SKD61) shown in "theNakura good, Inoue Yuji and the Nishihara public, 
Taira 12********** (2000), and 457 - 458 pages" was used for the tool configuration. The test specimen (work piece 
6) used 60x260x3mm A6061 P-T6, A2017 P-T3, A2024 P-T3, and an A7075 P-T651 aluminium-alloy plate. 
In order to guess the temperature at the time of the Experimental result and consideration> <temperature change at the 
time of FSF> FSF, with a slitting depth of 0.5mm directly under the V groove, it vacated for two points and the 
opposite side 8mm every 4mm including the tool center section, and the temperature of one point and a total of four 
points was measured with the thermocouple. The temperature change of the point in 60mm of front is shown in 
drawing 2 from a shaping start point. A test specimen (work piece 6) is A6061P, and was taken as rotational frequency 
1320rpm and feed-rate 50 mm/min. The maximum temperature of about 700 K is accepted directly under a probe. 
Moreover, it turns out that it is falling to about 600 K toward a shoulder section periphery. 
[0029] The result of having performed forging by FSF using Evaluation of restoration nature to V ditch type> 45 
degree V ditch type is shown in drawing 3 . The rotational frequency was set to 1320rpm and, in the case of A6061P, 
the high tensile aluminum alloy was set to 530rpm. Moreover, the feed rate was made into 50 mm/min. The measuring 
method of a filling factor used the same approach as Saotome and others (Koji Saotome Yasunori, ** sincerity 1 and 
Sakaguchi, plasticity and processing, 41-468 (2000), 49-53.). A filling factor is in the inclination which will decrease if 
the depth of a mold becomes large, A6061P are the highest, and it turns out that it is falling in order of A2017P, 
A2024P, and A7075P. 

[0030] Evaluation of an imprint property was tried from the Evaluation of imprint property> preceding clause using 
A6061P with sufficient flowability. First, the field machined by rotational frequency 170rpm and feed-rate 100 
mm/min in the charge of metal mold material using the face cutter was used as metal mold. The cross-section curve is 
shown in drawing 4 . 

[0031] FSF was performed in rotational frequency 1320rpm and feed-rate 50 mm/min using this metal mold. The 
cross-section curve directly under a probe after an experiment is shown for the cross-section curve before the 
experiment of a test specimen (work piece 6) in drawing 5 (a) at drawing 5 (b). When the cross-section curve of the test 
specimen after a mold and an experiment is compared, it turns out that the metal mold configuration is imprinted good 
and the value with near Ra and Rz is shown. 


[0032] . \yhich shows the cross-section curve of the metal mold 5 which carried out mirror polishing to drawing 6 - 
FSF was similarly performed using this metal mold. A test specimen (work piece 6) shows the cross-section curve to 
drawing 7 (a) using what was machined with the horizontal milling cutter. The cross-section curve directly under a 
probe after an experiment is shown in drawing 7 (b). Although it does not imprint, as for a mirror plane, it turns out that 
surface roughness is small considerably. Although it is under research to a current pan, it is possible by improving a 
tool configuration, processing conditions, etc. that the possibility of a mirror plane imprint fully exists. 
[0033] As a result of trying the forging which used the Vickers indentation as the mold using <attempt of closed mold 
forging> A6061P, the diagonal line of an indentation was ******(i n g) and it was checked that forging as a.mold had 
been performed mostly. Furthermore, it is thought that the micro forging by small metal mold is also possible. 
[0034] Next, in this invention, it tried to join an aluminium alloy to a carbon steel plate mechanically by FSF, and the 
bonding strength of a junction joint was examined experimentally. 

[0035] As shown in <experiment approach> drawing 8 and drawing 12 , the 1st work piece 6 pressed fit in the 2nd 
work piece 7 which prepared slot 7a is piled up, and mechanical junction is performed by acting in the direction of 
drawing 12 arrow-head C as FSF. a tool - (— the Nakura good, Inoue Yuji and the Nishihara public, Taira 12 
**********, and TYPE C of (2000), 457-458.) were used. Work pieces 6 and 7 were made into the A6061 P-T6 
material (work piece 6) of 3mm thickness, and the S45C material (work piece 7) of 8mm angle, and machined slot 7a 
as shown in drawing 8 and 12 to S45C. In this experiment, d in drawing 8 set to 1 .2mm, h set to 0.2-0.4mm, and the 
number of slots was set to 1-5. 

[0036] Moreover, the tool rotational frequency made 1335rpm and a junction (delivery) rate 50 mm/min. Furthermore, 
the **** shear test and the friction test were performed by the approach in order to evaluate the reinforcement of the 
joined joint, as shown in drawing 9 . In the case of the **** shear test, it examined by attaching A6061P plate (work 
piece 6) and the steel plate with the same thickness in the S45C (work piece 7) side. 

< An experimental result and consideration ><FSF As an example of the mechanical junction by example >FSF of the 
clad plate to twist, an A6061 P/S45C clad plate is shown in drawing 12 . An aluminium alloy (work piece 6) flows in 
by plastic flow, and is mechanically joined to slot 7a by the side of S45C (work piece 7). From this result, the good 
joint engine performance by the anchor effect is expected. The rate of a clad in this case is about 1 1%. 
[0037] The result of a friction test in case the number of <on the strength evaluation of joint> slots is 1, and a **** 
shear test is shown in drawing 10 . Although maximum load was falling when h was 0.2mm, the thing of an aluminium 
alloy escaped from a fang furrow in part was checked in this case. Although it is in the inclination for maximum load to 
become large when h becomes large, the area by the side of the aluminium alloy which receives shearing as becoming 
still larger becomes small, and it is predicted that reinforcement falls. 

[0038] So, in this experiment, it presupposed that it is fixed h= 0.3mm, and the number of slots was changed, it joined, 
and the joint was manufactured. The result of the **** shear test in this case is shown in drawing 1 1 . It turns out that it 
is in the inclination which maximum load also increases as the number of slots increases. When there were many slots, 
it was admitted that it may fracture from a base material. 

[0039] In addition, as a frictional heat generating stirring means to produce the work piece 6 which is the 1st body, and 
to stir frictional heat, although the rotation tool 2 was used for the above-mentioned example As a frictional heat 
generating stirring means, frictional heat is generated not only between a rotation tool but between the 1st body. As 
long as the component of the work piece to which flow resistance fell with the heat can be stirred, various kinds of 
modes, such as a thing using one direction movement of pressing a reciprocating motion and the periphery section of 
body of revolution against a work piece, can be considered. 

[0040] Moreover, if there is concave convex voice which is imprinted on the 1st body and which was formed in the 2nd 
body by the concave convex voice formed in the 2nd body front face to imprint not only on die 5a but on the 1st body 
as shown in drawing 1 , what kind of thing may be used, for example, a mirror plane etc. is included. 

[Translation done.] 
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J: OH 1 Ofett ( 6 ) S-«fi&tS»f4*^i§att 
JBTJil«a««-&itfc:J:9ffltta»*4t8*. m 

< 6 ) t%2(Dmfc ( 5 ) smwwtcij^-rii 20 
tvtz&m t -fc 5 s v ? * s t && ?ojiatt&ni 

[0012] H**3«0#JjfcJ:4 fc . UliBXJl ( 2 ) 

[0013] m&memuzz&t. M(5ai 

bm&ggg&biznmx'kh. 30 
[0014] m&5<nm£.zi t . Awromoti 

[00 1 53 mtmemB^zxhb. Tim-v&b 
&mwj%&&it$mizfi ozb . 

[00 16]|»!RJH7O»!Bt:J:ik, (7a) $■ 
m ItcBTmWMKIg&itSmzfT o Z fctfft* 

■6. 

[ 0 0 1 7 ] «lrt<o#*»i, BKBfcr*i*t**r 

mthmm^&m.m^x'h*) , nsot. 

[00 18] 

H3tt, vffisginmzbysmmb <mm 

mm. 04f4, &3^®tt#S:7jc$m 05J4. * 
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i oti, n\^m^AMW&b\±<mmzii^x. m 
±mkbm*&fr^<nimb<7)m&£7i<$m. mi 1 

•fcwtfBL 01 2t4. *f&MmLXWtfi.2titi? 

[0019] mmnfmxm'ft o mmmmmm. 

b IXOXifflM 1 (4, HI lz*-f 4 o fc. T-77P3 

jB®5a{4, mms ^zm^xm&fhv-tvm® 
immMi-hzbizx*). «7-^ffli(caKS5afc» 

[0020] *1L5_L*>J*»S5 a#»jft3*lfc«$Hc 
{4, JjaBt^*7-^6*»RIttfc:. AS5fc*tl/«B» 

m>SS^Tt3 0. JEt. 7-^6«H+±35rfcJ4. EMS 
^i£&Ift2*«RW-«VC»f>4. X£2t4. StkL 
&i^0«Sfgfc4D. H+±T*mT**^WA. 
|S]S^MA S B^-[fii(cii^^*¥^r(6]r3 , )I.^E|JC, D 

fiT^O, Ift2«4. ra?PRO**2a**rLT^4. 
[002 1 3 *fr 2 ac0H+Tg|!tc(4. ^TSrtcfl* 

£3M*ivk7-?mm2 b*»xa»C'C L*m(c» 

ro-7"2 c *<xftw^c lh* fl5+'6 

[00223 I#a«i 1 tt &±0>X ? 
1-SOT\ IfHgBSlSrfflV^tfofc^SSItfjMt-5 

[00233 bttXlzmiXli. 1*2 ^Ufft^lsBBRT 
Ifr^C LSr 4"C4CHIK§^ tmz. HIT*. BP*>5^ 
WBarr»iic»BS-fr» ift5tsiScorD-7'2c^7-? 

*fnT«cflsu. rD-^2c*<7-?6i*iK)iAti). 

3SfcIft2*»^aJB*|fiifcJTES*i.*itfcJ:0» XM 
2J4. T7-7Sfttffl2bfc'7-^6<?)±ffl*>'Elfg^fl4 

EfiximL. y-?6 coimit ®«k«hsh s> i. v - ^ 

-5. Jufi$il^^ 1 7-^6(4111l5^tS)l>XM2 
O«7-^«MB2b»V7"Q-y2cfc:J:0JW ! l s S*i, 

Jfcl/C, ^<Og«tii:* { ^-C®< , miBHHIQtt: 
[00243 i«0*«T% Xft2 SrEIiK^-tirOO^eflC 
E6t*^TiSTL^XA2T*cO'7-i7 6 * «WW4 
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S5artCSSAtT. 7-? 6CDTH6 bK. jt^M5 
attt£Lfc5§g6c#j£^$fl3,. ZCOfe, 7—7 6 

*. 

[00 2 5] ZOkdl/z, I*2 5:igS6§-t^o^EpC 
:frftm£o&9^T'M9£i&(t&^(cJ:D, 7- 10 
?6te^WcjD9»$*U &M5<7)&l«J5a|*| 
(=7- ? 6 £*m#«A L . &»»ffe&<3ttft 

[0 0 26] .TO. I^2t7-^6i:<0ia»WH»fc 

ffM 5 a fc^JHEftTraA.3 tf&^i: T\ £ ft2 
f6W#tt. ZtlZ r Friction Stir Forming (UlTFSF 

tag) j bixmet&hvxbh. 20 

[0027] -t^b-hJjfmm 1 £MJH UTKff tfcB 

[0028] KftLfcFSFiHISH 1 Sttfctt 
{44S77-f*fi£fflV\ £i!5. mM (7-? 6) 

ffl*mfcl4SUS304£«8BU HffiKflffl, ttfi&taXiB. 

VII, tV#-Xfci;tfV--f?ot:y#-X 
ffiRfciPlU:. FSFIftlCttfttjUfcfcJHft-* 30 
fc#>, ^^ffi*»4>1.0nmT<OfiBtiIM0.2miBCOK^m 

$ • HJi T12*^Jnail& (2000) . 
-xj fcjjsSilfcTYre C (ya/^-IW , i^aiU 
r-@20nm, ft«SKD61£lHf ) <0'y-/l/*fltffltfe. 
®MM (7-? 6) {±60 x260x 3im^A6061P-T6, A2017 
P-T3, A2024P-T3J3 J:lXA7075P-T651T^ 5 -7A£&K 

<IW«K0ilK^>FSFB*fc*JJt4a««rltffl-r*fcA 40 

■tefctt*;&3aU2^*S-f. ttKtt (7-7 6) {4 
A6061PT*0, BIC»1320rpii. iM 0a®50mra/mint L 

fc. ^ b A^Hs^MfroTIKOOTCOTl/OtS 
ZttfbfrZ. 

[0029] <V?JJS^ft«tt<9!r<i>45- OV$S£ 
fflvvciWfcJ:*«a*fj&o^»*H3fcjSrt\ HI 50 
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iEt«4s A6061PW*g£1320rpnu DATA'S -«7A££ 
f4530rpmfc Lit. *«r3JtOitKtt50in/ilni: Lfc. #g 
*OWgftttJ?ZA/5. (*Z* am • * !*-•«□ 
#r. ^tttJllI, 41-468 ( 2000) , 49-53. ) bKVk 

-r*mH<C&9. A6061PjWftfc*<. A2017P. A20 
24 P . A7075 P *)J»C«T LX^ZZt . 
[0030] <te^tt^fFfiffi>ffiPl=i: 0 , eS»*H4<7> 
Av»A6061PSfflV^"Cie5»tt«fHitK»fc. 4-f. 

fflfl*5S:ll4t^. 

[0031] £»^fcflH«R132Qrpo. i*9 &£5 

OM/iinte"CFSPtff*->fc. mctr (7-7 6 ) 

ffii<7)ifffift4S^E[5 ( a) te, Hi^c7)ra-7TlTc7) 
BrBElM*£BI5 (b) fcjjST. Sfcgtt&aesCttoK 

[00 3 2] MBWeLfc^5«Briiift|g*a6K* 

-76) {4, «754*fcJ0«ttSmLfci*>£ffl 

*?)8Mi&£07 (a) fc^f. ^gfccoro- 
7irR9l»|g£07 (b) itffl<4!|S^£ft 
•0«5r^* s , fr%t)$kWmZtf4^<%~>X^&Zktf 
bfrh. SftSfeKBf^S+T**^ 7-;UM34tf 
Jal^ft^Sr«At-& £ fc K J: 0«B«B^)^iett!6H- 

[0033] <«BB[«at(?)K»>A6061P*fflV^ f-y 

* { «4o * LTfc 0 . Ji(3TS ft* 0 wmtffthtvkz t 

[0034] act. ♦wHtfev^ti. immmzTiv 

5 -9 A^Afc F S F C J: 0«*Wfc«£** - 1 1 Sfi 
[0035] <Hii*-a>ll8S.VTl 1 2 fcjjrf J: 5 
-7 6iMte. 01 2^EpC^r[6]tcFSFtS.IttC<J: 

mwm&mbtit. *j-Mt («* a • #± 

ft^-BS ¥12 «BMHKI. (2000), 457 -4 
58.) OTYPE CSrfflV^Jt. V-^6 S 7 143miJ?<OA6061P 
-T&W 6 ) fc8mnrAOS45Ctt 7 ) 

U S45Ctc«4H8a^l 2^-fJ: a^«7 aSrtS«Sp 
Il/C. *SMWC«V^"C» 08Cfc{t6d{41.2im % h{4 
0.2-0. 4mmi: L, 3}«0|S«41~5i: Lit. 
[0036] ££IJIE!E&J41335rpik «^ (iMO) 

/CBrlOSlfcJ:W4<«ll«®*ff^^. BmtAMmco 
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i§£J4, S45C C7-?7) mtZMMVffi ("7-7 6) t 
<.fBSttSSU3J:t*#*> 

<fsf \,zs.h9v>7 Y#<r>-m>FSFiz x mmsm-s 

V-mt LT, A6061P/S45C?? y Ftt£01 2(C^ 
S45C (7-7 7) fi!|c9»7a(cr/l'5-7A£& 

x-bi. io 
[0037] <m*com.vtm>m<n>&tfi<7)ifr£<?>& 

h#0.2mm<7)it£, Wckffimtfl&TlX^&1)K Z<7)i% 

h#±#<&|>fcS;ym#"±#<&4$l*K;: 
S>4*<. $^c±#<&4fc-tLt»r£g{t4 7/1^^7 

S!l3*i4. 

[00 3 8] *CC^8!lTtt. h=0.3imir-5gi:l. it 

<0**£*t»&u m&ZMftifc. ^com^^m 20 

^KiiS»«IS*SHl 1 »Oifc#£<=5:4K 

[ 0 0 3 9 ] . ±ii<DHJ6Mi, I*jg*£m 1 am 
*?* lV—?6t,Z$Lt § *T ^tf t & 

stLxfi, iHitexfitcK^-f. ssi<o8j*fc<oiaT# 
9<nmmtm®m-h z t 9 . mam 30 

[0040] *jt, mamm&Rth* m2cwm 


*$|ffl2 0 0 2-2 564 5 3 
8 

M&ztumvMx-^titf. zox o%i>?>xi> . 

[Hi i muz. *%wimaztihfmmcr>--mt: 
*-t0. 

[02] H2B, j£M4>«&l!i&J«<O£lt:£*-t0. 
[03 3 03<i» V»^^Sffc^«W»t<0BMR^ 

m 

[04) 04(4, 4&0XWmR*yFrm. 

[05 3 05(4. JMtM#J^^*fflt>£ireafttt 
tt<O«ffitt#£*-f0. 

[06] 06(4. &S<0*ffitt#£*m 

[07] 0714. «fl^J^*&£ffi»41tfta]Ma 
ffi§£tt^flffltt#£*t-0. 

[08] 08(4. mttzru-hmmzTiktm. 
[09] 09(4, m-r,^^tA,mmitii<mmmm 

[0103010(4. i\~>m*tAMW&b&<mm 

[01 1] 01 1(4. »<?«kg|r>5B9^Bri*««o« 

[012] 01 2(4. XWtemmtXBtiLZtiK?? 
>y Htr«-«fe5?t«?Hi0r*4. 

2 OK£%£jlKMNgl (I*) 

5 m2co®ft <&M) ■ 

5 a j£$fi 

6 SKtttt* (7-?). 

7 m2c0Mb kV-9) 

7 a Oflfl (») 


[013 [02] 
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[03] 



1 2 

va&a»as/mm 


[04] 
2.2 p mRB.7.4 m mRz 



[05] 

(a) before 0.23MmR» l.OjgmRz 



1 2 


[07] 

) before 0.3gJinJU, Htfjlnfa 



1/ 

l/ 1 


0 1 

(b)tftrei 

0.09/1 mRi. 

2 

0.490 mRi 

ft. . 


1 2 


1.6F 

£ 

S o 

« 

-1.6 


[06] 

0.006 u mRa,0.026Rz 


1 2 

[08] 



[09] 


4 



(a) SI <b) BOttOt 
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CHI 0] 


(7) 


m2o 
[011] 
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